Abstract: This paper presents the implementation results of a colorimetric algorithm for portable blood gas analysis. The need for diagnostic data to be available from the patient's living environment has given rise to the need for portable diagnostic equipment. Blood gas analysis is an important diagnostic tool which provides the medical practitioner with insights in to the health of the respiratory system and kidneys. Present day analysers are big, bulky, and expensive and run on mains supply. 
BloodpH
Blood pH in a healthy human being lies between the ranges of 7. 35 and 7.45 [2] . The blood pH can vary between 6.8 and 7.6, however human life ceases to exist above and below the range specified. The indicator Bromothymol blue has a range of 6.2 to 7.6 and has a colour change from yellow to blue in the range which is desirable [3] .To measure the colour change in the indicator an imaging system was setup and the block diagram is shown in Fig.l . pH samples for a range from 6.0 to 7.9 in steps of 0.1 and a 0.01 Molar solution of bromothymol blue was prepared.
• 
B. Test Setup
The pH samples and the bromothymol blue solution were mixed and samples were imaged to map the change in colour of the indicator to the change in pH. The images were processed and a colour histogram of the samples was acquired which provided the colour in the primary Red-Green-Blue (RGB) colour format. Fig. 2 shows a plot of the RGB mean colours with respect to varying pH. The trends from the plot reflect the change in the colour of the indicator from yellow for pH values below 7.0 and blue for pH 7.0 and above. The plot shows that the colour red, when compared with the colour green and blue, has the sharpest response to the change in pH across the entire range.
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R G 80 B 6.1 6.2 6.3 6.4 6.5 6.6 6.7 6.8 6.9 7 7.1 7.2 7.3 7.4 7.5 7.6 7.7 7.8 7.9 pH -Rmean -Gmean --Bmean This trend in the colour RED was observed over all the data sets (for 500 samples) acquired during the period of the experiment and was mapped mathematically to provide a relation between the colour RED and pH.
C.
Mathematical Relation 
Where y represents the value of pH and x represents the mean value of the colour red.
D. Partial Pressure o/Carbon Dioxide
The partial pressure of carbon dioxide can be measured using the same measurement technique used for the pH. The technique involves using a semi permeable membrane which allows only water vapour and carbon dioxide to pass through.
A bicarbonate buffer of known pH value is enclosed in the semi permeable membrane.
When the blood sample is brought in contact with this membrane the carbon dioxide and water vapour molecules pass through the membrane and combine together to form carbonic acid which changes the pH of the buffer [5] . This change in the pH of the buffer is measured is proportional to the partial pressure of carbon dioxide and is shown in equation 2.
where N = concentration of the bicarbonate ion in the sensor pKl= negative log of the acid dissociation constant of H2C03 times the hydration constant of C02 Ks = solubility coefficient of C02 pH = the pH value of the buffer pCG2 = the partial pressure of carbon dioxide
III. IMPLEMENT A TION OF THE EQUATION
A.
Floating Point Representation
The equation for the relation between the pH and the colour red is a polynomial equation and has weighted coefficients which are fractional and need to be represented accurately as the accuracy of the calculated pH value depends on them. B.
Floating Point Multiplier
The block diagram for the floating point multiplier is shown in Figure 5 . The floating point multiplier comprises of a X OR gate for the sign bits, a fixed point multiplier for the mantissa, and an adder to add the exponents and adjust the exponent offset from the result. The mantissa and the exponent are passed through a normaliser to normalise the mantissa and the exponent of the result [7] [8] [9] 11] . The mantissa of the floating point number is similar to a fixed point number and hence the mantissa can be multiplied directly using a fixed point multiplier.
C. Floating Point Adder
The flowchart of the floating point adder is shown in figure 5 . 
A-pH
The values of the constants N, pK1 and Ks are stored in the memory. A bicarbonate buffer with concentration of 0.035M will give a pH change of between 6.8 and 7.8, the same range as blood pH allowing us to use the same colorimetric algorithm as used for measuring pH [5] . The factorial terms in the equation were calculated and inversed and stored in the memory thus eliminating the need for a floating point divider.
The equation was implemented using the floating point multiplier and adder. The pH obtained from the colorimetric algorithm is passed to the floating point multiplier and the powers of pH are calculated. The powers are then multiplied by the inverse factorial values and finally added to give the value of pC02. The block diagram of the exponential unit is shown is figure 6.
IV. IMPLEMENT A TION RESULTS

A. Simulation Results
The design for the colorimetric algorithm for pH and pC02 
'I� pH The implementation results show a deviation of ± 1 % from the expected values of pH and a deviation of ± I 0% from the expected values of pC02 shown in figure 7 and figure 8 .
B. Synthesis Results
The design was synthesized on the Altera Stratix FPGA using Quar tus II ver9.0 and on the 0.35f..l m Austria Microsystem HITKIT using the Cadence RTL compiler. The design was synthesized for an operating frequency of 50MHz which is quite suitable for this application. The design meets the constraints set for timing and has a positive slack. The design used 84188 cells and has a total power consumption of 2.775 w. The requirement for the design is of low power consumption to aid portability. 
